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A prolonged exposure (i.e., perceptual adaptation) to a male or a female face can produce changes (i.e.,
aftereffects) in the subsequent gender attribution of a neutral or average face, so that it appears respec-
tively more female or more male. Studies using imagery adaptation and its aftereffects have yielded con-
ﬂicting results. In the present study we used an adaptation paradigm with both imagined and perceived
faces as adaptors, and assessed the aftereffects in judged masculinity/femininity when viewing an
androgynous test face. We monitored eye movements and pupillary responses as a way to conﬁrm
whether participants did actively engage in visual imagery. The results indicated that both perceptual
and imagery adaptation produce aftereffects, but that they run in opposite directions: a contrast effect
with perception (e.g., after visual exposure to a female face, the androgynous appears as more male)
and an assimilation effect with imagery (e.g., after imaginative exposure to a female face, the androgy-
nous face appears as more female). The pupillary responses revealed dilations consistent with increased
cognitive effort during the imagery phase, suggesting that the assimilation aftereffect occurred in the
presence of an active and effortful mental imagery process, as also witnessed by the pattern of eye move-
ments recorded during the imagery adaptation phase.
 2014 Elsevier B.V. All rights reserved.1. Introduction
Many studies suggest that visual imagery involves properties
and neural substrates that support visual perception (Borst &
Kosslyn, 2008; Ganis, Thompson, & Kosslyn, 2004; Ishai, Ungerleid-
er, & Haxby, 2000; Kaas et al., 2010; Kosslyn & Thompson, 2003;
Kosslyn, Thompson, & Alpert, 1997; O’Craven & Kanwisher,
2000). In particular, fMRI studies have reported category-related
activation during visual imagery of faces and other objects (Ishai,
Ungerleider, & Haxby, 2000). For example, O’Craven and Kanwisher
(2000) showed that cortical regions that are involved during visual
face processing had similar selectivity during face imagery; specif-
ically, the fusiform face area, which was more active when viewing
faces than when viewing scenes, was also more active when imag-
ining faces than when imagining scenes.
To investigate the psychological and neural mechanisms under-
lying perception and imagery, ‘adaptation and aftereffect’ studies
have been largely used. It has in fact been known, at least since
Aristotle’s Parva Naturalia (see Aristotle, 2001), that the prolonged
exposure to a speciﬁc feature of a stimulus alters the subsequentperception of the same feature in an opposite direction (e.g., adapt-
ing to ‘red’ color engenders the aftereffect of a ‘green’ color). Frisby
(1979) suggested that aftereffects give the psychologist a sensitive
tool for probing the working of sensory mechanism. In particular,
adapting to a speciﬁc level of a stimulus dimension affects only
those elements that respond to that level in the given dimension,
but leaves others unaffected, allowing an exploration of the selec-
tivity in neural representation of classes of stimuli.
In the last decade, many studies have characterized the proper-
ties of these aftereffects and their implications for the perception
and neural representation of complex stimuli, such as faces (Leo-
pold et al., 2001; Webster et al., 2004; see Webster & MacLeod,
2011 for a review). Speciﬁcally, several facial attributes have been
investigated with adaptation paradigms, showing that the pro-
longed exposure to one value of a facial attribute makes subse-
quently viewed neutral faces to appear as bearing an opposite
value of that same attribute. For example, the sustained observa-
tion of a female face makes a subsequently presented androgynous
face appear as male (Webster et al., 2004). Aftereffects have been
found for many dimensions along which faces can vary naturally,
including individual identity (Leopold et al., 2001), gender (Rhodes
et al., 2004; Webster et al., 2004), ethnicity (Webster et al., 2004),
age (O’Neil & Webster, 2011; Schweinberger et al., 2010) and
expression (Cook, Matei, & Johnston, 2011; Hsu & Young, 2004; Pell
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Benton, 2010; Webster et al., 2004). Thus, adaptation may play
an important role to study how different attributes of the face
are encoded and interpreted. In this regard, if processing during
face perception and imagery activate the same cortical regions, it
is also possible to ask whether and why imagery and perception
adaptation would induce similar or opposite aftereffects. To date,
contrasting results have been found.
Ryu, Borrmann, and Chaudhuri (2008) observed that adaptation
to real or imagined faces yielded similar identity aftereffects,
although those to imagined faces were reduced in magnitude.
Interestingly, even not-attended faces that are processed with a
minimum of attentional resources appear to produce aftereffects
in facial shape (Murray, Judge, & Chen, 2012). In contrast, an ERP
study by Ganis and Schendan (2008) speciﬁcally investigated adap-
tation effects on face versus objects during either visual imagery or
perception. The authors found that both visualized and perceived
adaptors (either faces or objects) affected the same neural popula-
tions by engaging the N170 component. Remarkably, imagery and
perception had very different effects on these category-sensitive
neural populations: a suppressive effect on the ERP signal was
found with perceived adaptors and an enhancement effect was
found with imagined adaptors. Behavioral results to imagined
versus perceived faces similar to those of Ganis and Schendan
(2008) were obtained with an adaptation study by DeBruine
et al. (2010), although in the context of a sex-categorization task.
In this study, the visual presentation and the imagery of faces re-
sulted in opposite aftereffects on a test stimulus consisting of an
androgynous face, respectively a ‘‘contrast effect’’ and an ‘‘assimi-
lation effect’’ were reported. Speciﬁcally, test faces were catego-
rized as female more often after viewing male faces than after
viewing female faces. On the other hand, test faces were catego-
rized as female more often after imagining female than male faces.
The fact that adaptation can yield opposite effects (contrast ver-
sus assimilation) depending on whether the adaptor is a physical/
sensory stimulus or one that is imagined seems to point to an
important distinction in how perception and imagery differ at
the level of the neural substrate and/or its mode of engagement.
Although there is large support that visual imagery relies upon
the same neural machinery involved in perception and, indeed,
can be described as a re-presentation or emulation of perception
(Kosslyn, 1999), the two processes also differ in the manner the
same machinery is engaged in the processing of visual information
(Ganis, Thompson, & Kosslyn, 2004).
As Ganis and Schendan (2008) discuss, adaptation to perceptual
stimuli would seem to be to a large extent a bottom-up process,
and the typical effect (i.e. a suppression of the adapted stimulus),
is likely to reﬂect fatigue or a refractory period after a prolonged
use of the same neural network. This account is standard for
explaining color afterimages, where prolonged stimulation with
an object colored red will produce a ghost image of the opponent
color (i.e. green), due to the imbalance in the spontaneous ﬁring
of ganglion cells, after the ‘‘red’’ units become refractory and are
unable to excite the so-called opponent cells. Similarly, one can ac-
count for adaptation effects to dimensions of face stimuli as reﬂect-
ing a suppression of neural networks coding one end of the
dimension (Leopold et al., 2001; O’Toole et al., 1993), resulting in
a spontaneous increase in activity of the neural network coding
the other end of the same dimension (Blanz et al., 2000).
In contrast, according to Ganis and Schendan (2008), adaptation
to an imagined stimulus would seem to be to a large extent a top-
down driven process. Consequently one could expect opposite
aftereffects, (i.e. a priming of features pertaining to the adaptor
stimulus), that would exaggerate the response of the neural
network to the test stimulus in the direction of the appearance
of the adaptor. However, there is some controversy regardingimagery experiments, since they may reﬂect artifacts due to task
demands and compliance to experimental expectancy (e.g., In-
tons-Peterson, 1983; Pylyshyn, 1981). In other words, assimilation
may simply reﬂect the participants’ construal that the same fea-
tures of the adaptor should be prioritized at test and reported.
Hence, in the present study, we not only assessed whether the
sustained perception or imagery of a male or a female face reveal
similar or different aftereffects in the perceived gender of a subse-
quently presented androgynous face, but we also sought to ﬁnd
evidence that participants did actively engage in visual imagery.
Speciﬁcally, we reasoned that an effective manner to reveal the
process of image generation is to obtain eye-tracking data during
the perceptual and imagery tasks. Previous studies have shown
that similar scanpaths are produced when exploring a visual dis-
play and when subsequently imagining it during both short-
(Brandt & Stark, 1997; Laeng & Teodorescu, 2002) and long-term
recall (Martarelli & Mast, 2013), suggesting that eye movements
play a functional role in the process of visual imagery. For these
reasons we explored whether the visual mental imagery of faces
results in eye ﬁxations over the same regions of the screen as those
that contained salient facial parts during perception and encoding,
as this information would help to determine the processes under-
lying both tasks. If so, a re-instatement of the eye ﬁxations would
indicate the presence of an active process of visual imagery
conﬁrming the active creation of a representation of the face. In
contrast, if participants simply respond on the basis of expecta-
tions and guesses based on expectancies about the goal of the
experiment, there is no reason to believe that eye ﬁxations should
resemble those of perception.
Furthermore, we argued that a difference in pupil diameter
during the perception and imagery conditions would constitute
additional support to the assumption that participants actively en-
gage in mental imagery. Pupillometric changes are sensitive to per-
ceived light level (e.g., Binda, Pereverzeva, & Murray, 2013) and to
dark and bright imagined objects and scenarios (Laeng & Sulutvedt,
2014). Moreover previous studies have reported that pupil dilation
reﬂects top-down processes, as for example during incongruent
trials of the Stroop task (Laeng et al., 2011). In short-term memory
experiments, the pupil diameter increases as the number of ele-
ments to be held in mind increases (Kahneman & Beatty, 1966).
In general, pupil size increases as resource demands rise (Beatty,
1982; Granholm & Steinhauer, 2004; Laeng, Sirois, & Gredebäck,
2012). We therefore hypothesize that control processes and the
act of representing an image within the neural networks support-
ing facial information would tax the cognitive system to a larger
extent than simply ﬁxating a visual stimulus (during perceptual
adaptation). Therefore, we predicted that pupillary diameter
should be greater during imagery adaptation than perceptual
adaptation due to the increased mental effort provoked by the
deliberate act of conjuring up a visual image.2. Methods
2.1. Participants
Twenty-seven participants (18 females; mean age: 23.55) were
recruited from the Psychology Department at the University of
Oslo. All participants had normal or corrected-to-normal vision
(with contact lenses). They were rewarded for their participation
by means of a gift voucher worth 100 Norwegian Crowns.2.2. Stimuli
All stimuli were frontal-view images of individual faces show-
ing a neutral expression. Six ‘‘adaptation’’ stimuli were obtained
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selected from the Karolinska Directed Emotional Faces Database
(Lundqvist, Flykt, & Öhman, 1998). These were converted to grey-
scale and printed on matte (A4) paper. Twenty independent raters
(10 females; mean age: 24.4) evaluated the masculinity/femininity
of each face (‘‘How masculine/feminine is this face? Express a
numerical value from 0 to 50’’). Following this rating, we selected
those 6 faces, 3 male and 3 female, that had received the highest
average scores of masculinity and femininity (the male faces se-
lected had received the ratings 32.1, 32.3 and 34.3; the female
faces selected had received the ratings 26, 30.2 and 30.6). Each of
the selected faces was paired to a short, common, ﬁrst name (see
Fig. 1A).
For the imagery task, following a procedure described by Billock
and Tsou (2007), a reference frame was presented on the screen, as
we expected that the presence of a reference frame should help the
generation and the vividness of the imagined face. The frame of
reference was created by morphing all of the adaptation faces used
during the perception task (Fig. 1A), and graphically blurring the
resulting morph by means of Adobe PhotoShop CS5 (gaussian blur:
70 pixel in radius; see Fig. 1B) so that the outline of the head was
faintly visible on screen but none of the facial features could be
seen any longer.
All the adaptation stimuli were centered over a white back-
ground (average pixel level of each stimulus was 200 units in the
RGB system).
In order to obtain the ‘‘test’’ stimuli, we generated, with the aid
of morphing procedures, androgynous faces starting from 24 fe-
male faces and 24 male faces taken from the Karolinska Faces Data-
base. The software Morpheus Photo Morph v3.15 was used to
morph randomly-selected pairs of male and female faces on 15
equally-spaced morphing steps. Twelve such sequences were cre-
ated following the same procedure, which yielded a total of 180
images. The full set of images was then converted to greyscale
and each image was ﬁtted into a rectangle-shaped frame so as to
hide the most external features of the face (e.g. hair). All images
were then presented to 40 independent raters (16 males; mean
age: 23) different from those that took part in the rating of the
adaptation faces. Each rater was asked to indicate whether eachFig. 1. Female and male faces used as adaptors and their respective names (A). The fram
stimuli selected as androgynous faces for the test phase (C).image appeared female (score: 1) or male (score: 1), using
E-Prime 1 as experimental editor. We selected as androgynous
faces the images that obtained a sum of scores that was the closest
to zero (the faces selected ranged between 1 and +2). Three
morphing sequences were discarded because the scores obtained
did not reach close to zero at any of the morphing levels. Nine
androgynous faces were thus obtained (see Fig. 1C).
2.3. Design and experimental procedure
All stimuli were presented on a Dell LCD monitor at a resolution
of 1280 x 960 pixels. The experimental editor used for the presen-
tation sequence was E-Prime 1, which also collected the partici-
pants’ responses.
2.3.1. Training phase
Before the adaptation and test phases, participants were in-
structed to get acquainted with each of the face stimuli and their
corresponding names, presented on six different cards for 5 min.
After this familiarization phase, in a training session, each face ap-
peared on the screen, one at a time, in random order, for three
times (once with the correct name and twice with a wrong name
– the name was always written above the face). Subjects had to re-
spond whether the face-name association was correct or incorrect.
Throughout training, feedback was provided, and the training was
terminated when performance reached 80% correct, otherwise a
further training session was administered.
2.3.2. Adaptation and test phase
Following training, the experimental phase began, with trials of
perceptual and imagery adaptation conditions performed in alter-
nation. The ﬁrst condition in the series was balanced across
participants.
In a representative trial of the perceptual adaptation condition
(see Fig. 2A), a ﬁxation cross (subtending 0.5 deg  0.5 deg at a
viewing distance of 60 cm) was presented in the centre of the
screen for 500 ms. This was followed by the presentation of the
adaptor (subtending 19 deg  26.7 deg) in the centre of the screen
for 10,000 ms. It was followed by the presentation of a blank screene of reference used as adaptor in the imagery phase (B). The nine ambiguous face
Fig. 2. Diagram of the sequence of events in a trial of the perceptual adaptation and test (A) and the imagery adaptation and test (B).
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(subtending 11 deg  16.5 deg) was presented in the centre of
the screen for 1000 ms. After the disappearance of the test face
the participant had to evaluate its gender appearance by providing
the response on a visual analog scale (i.e. a line, length 31 deg,
thickness 0.2 deg) presented horizontally in the centre of the
screen. Subjects were instructed to move a slider on the line by
using a mouse. The line represented a double-ended continuum
where the two edges indicated the maximum value of masculinity
on one side and the maximum value of femininity on the opposite
side. The labels ‘‘masculinity’’ and ‘‘femininity’’ were written below
the two edges and the direction of the continuum was balanced
across subjects. As soon as a response was provided by the partic-
ipant, the screen became blank. A key press on the space bar initi-
ated the next trial. In total, each perceptual stimulus (6 faces) was
presented 9 times, each time followed by a different androgynous
test face, for a total of 54 trials.
In a representative trial of the imagery adaptation condition
(see Fig. 2B), a ﬁxation cross (subtending 0.5 deg  0.5 deg) was
presented in the centre of the screen for 500 ms. This was followed
by the presentation of one of the six names for 1000 ms, in the cen-
tre of the screen (font type: Arial; font size: 20). Participants were
then shown on the screen the frame of reference for 10,000 ms
during which they had to imagine the face associated to the name
just presented. The frame occupied the centre of the screen and
subtended 19 deg  26.7 deg. The imagery adaptation was fol-
lowed by the presentation of a blank screen (duration 500 ms)
and then the androgynous test face (subtending 11 deg 
16.5 deg) was presented in the centre of the screen for 1000 ms.
The participant was then asked to evaluate how masculine or fem-
inine the face appeared, using the same response mode as in the
perceptual adaptation condition. Each of the imagery stimuli (the
6 names) was presented 9 times, each time followed by a different
androgynous test face, for a total of 54 trials.
The full set of 108 trials were administered in two blocks sepa-
rated by a pause. A pseudo-randomized presentation order of the
trials was used for all participants. The experiment lasted approx-
imately 40 min overall.
In both conditions each trial ended with a blank gray screen and
participants decided when starting the following trial. Because eye
movement and pupil dilation were recorded during the task, this
procedure was created to let the pupil relax between each stimulus
presentation.Participants’ eye movements during the adaptation phase were
recorded for the horizontal and vertical coordinates of each partic-
ipant’s left eye with the use of the Remote Eye Tracking Device
(R.E.D.; SensoMotoric Instruments, Teltow, Germany) in the ‘‘Eye
Lab’’ at the Department of Psychology, University of Oslo. A single
measure (in pixels) of pupil diameter was also obtained for each
sample by averaging the horizontal and vertical coordinates of
the pupillary diameter. The eye tracker had a 2-ms sample rate
with a resolution smaller than 0.1; it operated with an infrared-
light-sensitive video camera that allowed recording in an illumi-
nated room. The illumination of the testing room was kept con-
stant during the whole session. Fixations were automatically
detected according to an algorithm based on minimum gaze dura-
tion of 80 ms within a circular region with maximal dispersion of
100 pixels.
A standard eye tracker calibration routine was used at the
beginning of the experiment, during which eye position was re-
corded at nine standard calibration points (appearing as a white
cross on a grey background). Participants were instructed to keep
their head as stable as possible and to keep their eyes open during
both the perception and imagery phases of the experiment.
Oculomotor and behavioral data from one participant had to be
excluded due to eye movement artefacts.3. Results
3.1. Behavioral data
The judgments expressed by means of the analog scale were re-
corded as values ranging from 0 (masculine) to 100 (feminine).
Within-subject analyses were performed on the judgments ex-
pressed by the participants by means of a repeated-measures AN-
OVA using the factors Adaptation (Perception versus Imagery) and
Sex of the adapter (Female versus Male). The level of statistical sig-
niﬁcance was set to 5% (p < 0.05). Statistical analyses were con-
ducted by means of ANOVAs and t-tests for post-hoc analyses
(using Duncan test on main effects).
The ANOVA showed a signiﬁcant interaction of Adaptation and
Sex of the Adapter (F1,25 = 25.71; p < 0.001).
Post-hoc comparisons revealed an increase of female judgment
in the imagery condition (M = 59.44; SD = 11.25; see Fig. 3) with
respect to the perception condition (M = 53.88; SD = 11.86) after
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of female judgment was recorded in the perception condition
(M = 59.91; SD = 14.01) with respect to the imagery condition
(M = 54.50; SD = 14.53) after being adapted to a male face
(p < 0.005).
In addition, the androgynous faces were evaluated more female
after imagery adaptation to a female face rather than a male face
(p < 0.005), whereas they were evaluated less female after percep-
tual adaptation to a female face with respect to a male face
(p < 0.001).
No other main effects or interactions were found.Fig. 4. AOIs selected for the adaptor stimuli, in the perception (A) and in the
imagery (B) conditions. Percentage of ﬁxation time in each AOIs during perception
and imagery conditions. Error bars represent standard errors (C).3.2. Eye-tracking data
Eye-tracking data were analyzed using BeGaze 2.3 software
(SensoMotoric Instruments, Teltow, Germany). The following six
areas of interest (AOIs) were deﬁned for each of the faces used as
adaptors: eyes (left and right), nose, cheeks (left cheek and right),
mouth (see Fig. 4A and B). For each image, condition and area of
interest, the percentage of total ﬁxation time was computed. A re-
peated measures ANOVA was performed on ﬁxation time data with
Adaptation (Perception versus Imagery) and AOI (left and right
eyes, nose, left and right cheeks, mouth, white space) as within-
subject factors. Sex of the Adapter and Sex of the Participant were
not considered because a preliminary ANOVA showed no effects or
interactions with either of these two factors. A signiﬁcant main ef-
fect of AOI (F(6,150) = 9.31, p < 0.001) showed the following order of
AOIs that received the longest percentage of ﬁxations: nose
(M = 17.85%), left cheek (M = 14.94%), white space (M = 14.29%),
left eye (M = 13.33%), right eye (M = 10.52%), right cheek
(M = 9.13%) and mouth (M = 3.80%).
A signiﬁcant interaction between Adaptation and AOI was
found (F(6,150) = 5.32, p < 0.001). Post-hoc comparisons revealed
an increase of ﬁxation time in the imagery condition compared
to the perception condition for the left cheek (Mean Imag-
ery = 18.05%; Perception = 11.84%; p < 0.005) and the nose (Mean
Imagery = 20.13%; Perception = 15.57%; p < 0.05); in contrast the
left eye (Mean Perception = 15.58%; Imagery = 11.08%; p < 0.05)
and the right eye (Mean Perception = 13.11%; Imagery = 14.76;
p < 0.05) presented an increase of percentage of ﬁxation time in
the perception condition compared to the imagery condition. The
right cheek, the mouth and the white space did not show any sig-
niﬁcant difference (see Fig. 4C).Fig. 3. Mean of ambiguous faces evaluated as female after imagery and perception
adaptation. Error bars represent standard errors.The percentage of total ﬁxation time was also computed for the
perception and the imagery conditions and, for each participant, the
data were averaged over all trials in each AOI (white space was not
included in the analysis). The means obtained (N = 156) were then
used as variables in a separate simple regression analysis, with per-
centage of time spent in each region in the perception condition as
the regressor, and percentage of time spent in each region in the
imagery condition as the dependent variable. The regression analy-
sis revealed a strong linear relationship between the percentage of
time spent in each AOI during the perception and the imagery con-
ditions (t155 = 46.2, p < 0.001; R-squared = 0.231). In Fig. 5, the illu-
minated area of the face corresponds to the most frequently viewed
locations in both imagery and perception condition. Thus, these
illustrations correspond to a ‘‘focus map’’ of cumulative ﬁxations
and they can be described as a ‘spotlight’ that throws light over
the facial areas attended in both conditions.
3.3. Pupillometric changes
For each participant, we ﬁrst converted the pupillary diameter
in pixel into millimeter (mm) and then we determined the mean
pupillary diameter recorded during the ﬁrst 200 ms of each adap-
tation trial. This mean was subtracted from the pupillary diameter
for the rest of the presentation of the adaptor (i.e. 9.800 ms) for
each trial epoch. The obtained baseline-corrected data on mean
change in pupillary diameter for the whole 10 s period were then
analyzed by means of a pairwise t-test comparing the imagery
and the perception condition. This analysis showed a signiﬁcant
difference between the two conditions (t25 = 10.08; p < 0.001, see
Fig. 6A). The imagery condition caused a greater change in pupil
diameter (M = 0.49; SD = 0.15) with respect to the perception con-
dition (M = 0.06; SD = 0.14), as shown in Fig. 6B.
Fig. 5. Facial areas that participants overtly attended during adaptation in the imagery (A) and perceptual (B) condition. The brightest areas represent the regions that were
most viewed in each condition during the whole trial for all participants.
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We conﬁrmed the presence of opposite aftereffects following
perceptual and imagery adaptation to the gender of faces as docu-
mented in previous studies (e.g., DeBruine et al., 2010). Speciﬁcally,
we observed that when participants are adapted to a female face or
a male face, different aftereffects are generated according to the
type of adaptation: androgynous faces were evaluated more female
after viewing male faces than after viewing female faces, whereas
androgynous faces were evaluated more female after imagining fe-
male faces than after imagining male faces. It must also be under-
lined that the coupling of strength and direction of both the
perceptual and the imagery aftereffects resulted to be of a relative
rather than absolute nature, if the two types of adaptation are con-
sidered in isolation. In other words, perceived female adaptors did
not make the androgynous faces to appear male, but made them to
appear less female than the perceived male adaptors. On the other
hand, imagined male adaptors did not make the test faces to ap-
pear male, but made them to appear less female than the imagined
female adaptors.
Despite the divergent trends of the aftereffects following the
two adaptation conditions, the pattern of eye movements recorded
during the adaptation phase of the imagery condition turned out to
be rather similar to that recorded during the perceptual condition.
We also conﬁrmed the presence of oculomotor behavior that
characterizes the act of imagery (i.e., a reinstatement of ﬁxations
similar to those that occurred during the real inspection of faces;
Laeng & Teodorescu, 2002), which we assumed to be functional
to forming a vivid and stable visual image of a face. Finally, the
stronger pupillary reaction observed during the imagery adapta-
tion phase might witness that such a re-enactment of the visual
representation, involved the increased cognitive effort ofFig. 6. Change in mean pupil diameter (in mm) averaged over a 10-s epoch from the onse
standard errors (A). Mean pupil diameter (in mm) during the 10-s epoch for each condigenerating top-down a visual experience. As it has been shown
(e.g., Binda, Pereverzeva, & Murray, 2013; Laeng & Sulutvedt,
2014) the pupil size responds both to light level and the structure
of the stimulus. Moreover, previous studies have reported that
nonvisual factors such as arousal, cognitive demands and memory
load can induce pupillary dilation but do not produce pupillary
constriction (Hess & Polt, 1960; Kahneman & Beatty, 1966; Laeng
et al., 2011; Nassar et al., 2012). In our study, to warrant that we
could address the possible difference in the pupillary response dur-
ing our conditions to the different task rather than the stimulus
properties, we controlled the average luminosity of the stimuli.
Taken together, the present results clearly indicate that afteref-
fects following adaptation based on facial perception and facial
imagery can run in opposite directions. As shown previously by
DeBruine et al. (2010), the long-lasting adaptation to the gender
of an observed face can cause an aftereffect towards the opposite
gender when an androgynous test face is seen following adaptation
(contrast), whereas the long-lasting adaptation to the gender of an
imagined face causes an aftereffect towards that same gender
(assimilation).
One should note that our ﬁndings are inconsistent with a previ-
ous study by Ryu, Borrmann, and Chaudhuri (2008) that reported a
common (contrast) aftereffect elicited by both visual imagery and
perception in a face-identity adaptation task. Another study by
Moradi, Koch, and Shimojo (2005), on adaptation to face identity,
failed to report a signiﬁcant high-level aftereffect induced by inter-
ocular suppression, leading the authors to conclude that face after-
effects depend on conscious perception of the adapting face.
The contrasting results between the above studies and the pres-
ent results may depend on the speciﬁc face properties investi-
gated; that is, the processing mechanisms underlying different
features could evoke aftereffects differing either in direction or int of each trial during the imagery and the perception conditions. Error bars represent
tion (B).
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such differences could consist in invariant versus changeable face
aspects (Haxby, Hoffman, & Gobbini, 2000), it must be remarked
that both identity and gender would be deemed to be invariant.
One recent model suggests an integrated and interdependent pro-
cessing of invariant aspects of a face (Zhao & Hayward, 2013) dur-
ing perception; one possibility is that during visual imagery the
processing of invariant aspects are not equally well integrated
but based on a part-by-part re-construction (e.g., Hebb, 1968;
Kosslyn, 1980; Kosslyn et al., 1983, 1988; Neisser, 1976) and this
difference in processing may produce different outcomes regarding
adaptation effects. A study by Lobmaier and Mast (2008) showed
that visual imagery (i.e., top-down activation of facial representa-
tions) can facilitate featural representations of faces more than
conﬁgural representations of faces, whereas visual presentation
(bottom-up activation) facilitates conﬁgural representations of
faces more than featural representations. In the present study,
the presence of a reference frame onto which participants could
‘anchor’ the visualization of the face to imagine (Billock & Tsou,
2007), suggests that the strength and vividness of the image, as
demonstrated by eye movements, could modulate the strength of
the aftereffect; that is, the better an image is visualized, the stron-
ger the assimilative nature of the aftereffect can be. This argues
strongly in favor of two different processes resulting in opposite
aftereffects as revealed by our behavioral results, but they depart
from a common representation shared by vision and imagery, as
revealed by our oculomotor results. This conclusion rests on the
assumption that a strong similarity of oculomotor behaviors be-
tween the perceptual and imagery conditions provides a validation
that an active and effortful process of mental imagery is at work
and, therefore, the assimilation aftereffect may not, simply, be
the educated guess or expectation of participants about the exper-
imenters’ demands. In turn, the present ﬁndings would seem con-
sistent with an account of eye movements as playing a pivotal role
in the formation of visual images (e.g., Hebb, 1968; Johansson, Hol-
sanova, & Holmqvist, 2006; Laeng & Teodorescu, 2002). In other
words, shared mechanisms between vision and imagery can be
exploited before this common code diverges towards two different
outcomes (assimilation and contrast).
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